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PREFACE 


This is the Final Report on studies related to Ka-Band System 
Reliability Improvement under Air Force Contract No. F33615-75-C-1208. The 
report is organized in three parts. Part I, Volume I, depicts the system model as 
organized in its functional relationship form; describes the overall program; 
presents the probabilistic estimates of reliability, maintainability, availability, 
dependability, ete. of the Ka-Band SATCOM Set based on all the data available; 
identifies the components most likely to malfunction or fail; and presents 
guidelines for the specification of reliability and maintainability requirements for 
the next generation system. Part I, Volume II, contains Appendix B which presents 
detailed results of the Tabular System Analysis (TASA) of the Ka-Band SATCOM 
Set. Part I, Volume III contains Appendix C which presents detailed results of the 
numerical reliability, availability and dependability predictions for the Ka-Band 
SATCOM Set. Part Il contains guidelines for an Integrated Reliability and 
Maintainability (R/M) Program Plan intended as a model for the specific R/M 
plans that will be required for the procurement of future generation systems. 
Part IIl is the DEPEND Computer Program User's Manual. The DEPEN)) 
(Determination of Equipment Performance and Expected Nonoperational Delay) 
program is used to perform the arithmetic and documentation for the Tabular | 
System Analysis. 
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APPENDIX C 
RESULTS OF ANALYSIS OF THE 


KA-BAND SATCOM SET 


SECTION I 


RESULTS OF ANALYSIS OF THE 
KA-BAND SATCOM SET 
INTRODUCTION 


In the following pages computer print-outs are given detailing 
the results of the analyses of the Ka-Band SATCOM Set*. As noted in the 
Review and Comment section of this report**, three analyses were performed: 
the flight test data analysis, the theoretical analysis, and a combined 
analysis (A Bayesian combination of theoretical and flight test data). 


The first computer print~outs present a summary of the results of 
the combined analysis for some of the more important functional sub-assemblies 
of the ADM Ka-Band SATCOM Set. Following these computer-generated summaries 
ia a complete listing of all the results, at all functional levels, of the 
combined analysis of the Ka-Band Set. Following this, abbreviated partial 
results of the flight test data analysis and of the theoretical analysis are 
given, incluling results for only the major functional assemblies. Thus 
the reader is presented with a complete detailed print-out of the analysis 
which, in Battelle's opinion, yielded the best results, and is also given 
partial results of the other analyses so that differences between then, 
and techniques for combining the data may be studied. 


The major part of this appendix is data or information in the form of 
computer printouts. The appendix is organized in the three following sections. 


SECTION II. Analysis of the Ka-Band SATCOM Set based on the combined 
data, including: 
A. Input data tabulation 
B. Analysis schedule 
C. Summary of results 


D. Analysis summary 


SECTION III. Abbreviated results of analysis based on flight test data, 
including: 
A. Input data tabulation 


*Analyses of UHF equipment is not included. 
*kThe Review and Comment Section is contained in Volume I. 


B. Summary of results 


C. Analysis summary for selected functional assemblies 


SECTION IV. Abbreviated results of analysis based on theoretical data, 
including: 
A. Input data tabulation 
B. Summary of results 


C. Analysis summary for selected functional assemblies 


DATA COMBINATION 

In performing analyses of the Ka-Band set, the set was first 
broken down into "black boxes" or basic functional building blocks consist- 
ing of modules, chassis, drawers, etc. This breakdown was accomplished 
with the help of the equipment manufacturers. The equipment manufacturers 
also provided reliability estimates for each of these basic functional 
building blocks, obtained using the methods of MIL-Hdbk-217-B. Estimates 
of the reliabilities of these various functional basic building blocks were 
also obtained through study and analysis of data ‘taken during the flight 
test program for the ADM Ka~Band SATCOM set. As noted in the main body 
of this report, each of these sets of data provide information not con- 
tained in the other set. Thus, in Battelle's opinion, a combination of 
the two sets of data provides the best available estimate of the reliabili- 
ties of the basic functional building blocks. As the reliabilities of 
these blocks are rolled up in the course of ihe analysis into the relia- 
bility of the larger functional building blocks, and of the Ka~Band SATCOM 
set, a combination of the data provides the best reliability estimates at 
all functional levels. Bayesian statistics provide a method for combin- 
ing data so that an original estimate of reliability can be made and then 
be improved as subsequent data becomes available. A discussion of the 
various ramifications of Bayesian statistics is beyond the scope of this 
report, but a brief description of the manner in which the data were com- 


bined is pertinent. 


The methods of MIL-Hdbk-217-B depend on failure-rate data itor 
parts obtained from experience and testing of these parts. In order to com- 


bine the theoretical data and the flight test data, it was necessary to 


estimate the number of test hours represented by the figures used in 
MIL-Hdbk-217-B predictions. Based on Battelle's extensive experience in 
reliability, it was felt reasonable to assume that the failure rate data 
given in MIL-Hdbk~217-B, on the average, represented results of about ten 
1,000-hour experiments or 10,000 test hours. For each of the functional 
building blocks the methods of MIL-Hdbk-217-B provided an estimate or pre- 
diction of the MTBF of that block. The 10,000 hours assumed test time was 
divided by this MTBF in order to estimate the average number of failures 
that would have --ccurred in the 10,000 hours. This procedure then provided 
an estimate of the number of test hours and the average number of failures 
that would have occurred during these hours if the tests had actually been 


conducted in the manner hypothesized. 


From the flight test data it was possible to determine an actual 
number of hours of operation of the equipment, and the actual number of fail- 
ures that occurred during this period*. The information was studied in order 
to cull from it shut-downs which were not properly attributable to failure of 
the equipment, such as shut-downs to make changes or modifications in the 
equipment, etc. Also censored were failures due to wear and because of the 
considerable amount of maintenance, excessive pattern failures, and conditions 
which were eliminated by equipment modification. When this task had been 
completed, data were available from the flight test providing the number of 
hours of test and the number of failures that occurred during these flight 
test hours for each of the basic functional building blocks. 


To combine these two sets of data the 10,000 hours of assumed test time 
were added to the flight test hours which (including the roof top equipment 
operating time) was about 3400 to 3900 hours. The numbers of failures of any 
basic functional building block experienced during the flight test hours in 
both the aircraft and rooftop equipment were added to the number of failures 
calculated from the Mli~Hdbk-217-B reliability estimates as described above. 

In this way combined figvres for a total number of test hours and a total 
number of failures were obiainec. These figures then served as the basis for 


the combined reliability analysis. The results can be expressed as an MTBF 


*Only the duta for the calendar period from October, 1976, to October, 1977 


were utilized because data prior to this interval are incomplete and include 
a significant amount of equipment debugging. 
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representing an average estimated use of the various functional blocks 


during a typical mission. In combining the data, if no failures were ob- 


served during the flight test, zero failures were added to the failures 
predicted by the methods of MIL~Hdbk-217-B. 


INITIALIZATION 


In starting up the equipment there is an initialization procedure 
that must be followed. For the purposes of the analyses in this report it 
has been assumed that this initialization procedure requires six minutes. 


This is based on the fact that there is a five-minute period during which 
information stored on punched paper tape is loaded into the system, and one 


minute has been allowed for system adjustments. The analyses consider that 


such initialization occurs only once during a mission. If there is a failure 
so that the system is shut down, there may be a need for an additional 
initialization procedure after repairs have been made. This is covered in 
the analysis by including the additional necessary initialization time in 


the mean restoration time for the equipment. 


COMPUTATIONS 


The availability, dependability, reliability, and maintainability 
estimates for this report were accomplished using the TASRA (tabulated system 
reliability analysis) approach. (Part I, Volume I, Appendix A provides a 
description of the TASRA computations.) The maintainability estimates are 
based on an overlap factor of 0.8; that is, it is assumed that in the case 
of more than one malfunction, the time to restore is the maximum of the 


individual restore time plus 80 percent of the sum of the other restore times. 
PRESENTATION FORMATS 


Tne formats used for presenting the analysis results are described 
in the following paragraphs. 


Input Data Tabulation 


The input data tabulation lists the ELEMENT LABEL, which is an 
identification number for each element followed by a listing of the DATA 
IDENTIFICATION, which describes each data element. The elements include 


5 


functional blocks of the system and the various possible states of mal- 
function or failure of these blocks, as used in the analyses. The func- 
tional blocks can be readily identified because the element label number 
associated with these blocks has a zero following the decimal point. Thus 
element label 115.0 is the teletypewriter. The various malfunction states 
for the teletypewriter are then listed under element label 115, but with 
various numbers following the decimal point. Element label number 115.1, 
for example, and its associated data identification (NO/INCORRECT TTY 
TRANSMISSION AND RECEPTION) provide the information that the teletypewriter 
has a state in which it is not operational in that both the transmission 


and reception are incorrect or are not functioning at all. 


The column headed CYCLES contains a 1 or a 0, indicating that the 
functional block listed is or is not used during the mission for which the 


specific analysis is bein; performed. 


The column headed USE, SECONDS, lists the number of seconds 
required to complete one functional cycle of the subject functional block. 
Thus element 4.0, the SATCOM Terminal Primary Power, for example, is used 
for 36,000 seconds; that is, for the entire ten hours of the mission des- 
cribed in the main body of this report. The functional cycle duration for 


most functional blocks is 4.2 seconds, although there are several exceptions. 


The column labelled MTBF, HRS, lists the MIBF associated with that 
assembly or malfunction, in hours. (It should be remembered that these 
figures constitute an input to the computer program.) This column, and the 
last column, MITR, HRS, at the basic building block level, contain data gen- 
erated during flight test, received from manufacturers, etc. The results 
obtained for the higher functional levels are based on the data for the basic 
vuilding block level. 


Analysis Schedule 


The analysis schedule lists the computations used in the analysis, 
the order in which they were performed, the input information needed by each 


computation, the assembly for which the computation was performed, and the 
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assemblies that need the information generated on this assembly in their 
calculations. Thus the first computation listed requires only input 

data. Subsequent computations may require input data plus the results 

of this first computation, etc. The analysis schedule provides a brief 
over-view of the entire analysis and can be used as a map to guide the 
reader through the analysis paths. The analysis schedule is presented only 
for the combined analysis since the schedule is the same for the other 


analyses. 


Analysis Summary 


The analysis summary provides the results of the analysis for the 
functional blocks of the system. Analysis summaries are provided for all 
functional blocks of the system utilizing the combined theoretical and flight 
test data. However, analysis summaries are provided only for the major 
functional blocks in the analyses based on theoretical and on flight-test 
data alone. The computer printout provides an explanation of the quantities 


given. 
Summary of Results 


The analysis summary described above includes a brief statement of 
the most important results of the analyses for each cf the functional blocks. 
“n this section the summary statement is listed for each of the functional 
blocks considered in the analysis. These summaries provide a complete list- 


ing of the results of the analyses of the Ka-band SATCOM Set. 
Abbreviated Results 


As noted above, analysis summaries based on the flight test data 
and the theoretical data are given for a few of the larger functional assen- 
blies of the Ka-band System. These are given to provide a comparison among 
the analyses performed using the various data sources. As noted in the main 
body of this report, Battelle feels that the combined data analysis provides 


the best figures for most purposes. 
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SECTION II 
RESULTS OF ANALYSES OF THE KA-BAND SATCOM SET BASED ON THE 


COMBINED THEORETICAL AND FLIGHT-TEST DATA 
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COMBINED INPUT DATA TABULATION 
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